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Abstract—Electric Vehicles are now the fastest growing 
type of vehicles for personal and mass transportation. 
Reasons for replacing the existing transport systems, 
which are currently based on the heat energy generated by 
internal combustion engines are high fuel prices, limited 
resources, emissions of harmful gases and low efficiency. 
Electric power is one of the most effective and sustainable 
ways to solve future transportation problems without any 
revolutionary changes to the existing infrastructure and 
consumer comfort. There are however some limitations 
and problems with the existing electric transportation 
systems. The primary problem is the limited distance 
travelled on single charge and, as a result, this limitation in 
distance makes electric transport not as desirable or 
convenient, as it can be. This paper discusses methods of 
power management for pure electric vehicles, its problems 
and challenges, different devices to organize effective 
electrical power flow. Finally, this paper suggests ways and 
proposals of better power management on-board to 
increase usability and performance of the electric vehicles. 
 
Index Terms—Battery, electric vehicles (EVs), energy 
management, energy sources, energy storage, power 
management, road vehicles, storage. 
 
I. INTRODUCTION 
lectric Vehicles (EVs) were originally introduced a long 
time ago. First electric vehicles were made at the end of 
19th century and for a long time electric power was one of 
the developing branches for transportation systems and vehicle 
development. The first vehicle, which travelled faster than 
100km/h utilised electric power. In the beginning of 20th 
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century, electric vehicles were so popular, that 30% of the 
whole American fleet had electric motors inside. But problems 
with electrifications of the suburbs and very unreliable 
batteries made EV uncompetitive with internal combustion 
engines vehicle. Average distance on the one charge was 
around 50 km and recharging time in places with electrical 
network was more than 12 hours, while petrol driven cars had 
a distance range of around 200 km.  [1-3] 
The idea of electric vehicles made a comeback in 1970’s 
following the oil crisis in USA, when petrol prices 
were increasing steadily. During this time the air quality in big 
cities had been more and more polluted by vehicles with 
internal combustion engine. To decrease pollution and make 
the vehicle manufacturing industry oil independent, engineers 
have come back to the idea of zero emissions electric cars. 
The new age of electrical powered vehicles was opened in 
1993 with the GM EV-1 electric car. This car was very 
expensive to manufacture and batteries on board were very 
unreliable. A distance of 80-150 km on the one charge was not 
very convenient for everyday use. Recharging time was more 
than 10 hours.  [3] 
Fuel prices were not very high in 1990’s but ecological 
concerns became more prominent, Toyota and Honda 
developed a new type of powertrain system, called hybrid. 
Hybrid system consists of a small internal combustion engine 
and added an electric mover. A complicated transmission 
combines both energy flows from these movers into one and 
transmits it on to the wheels. Hybrid cars provided decrease in 
emission from internal combustion engine vehicles, especially 
in city driving cycles, where power system can 
use recuperating barking to recharge small batteries of the 
electric parts of the powertrain, but on long distances ICE 
plays the main role. As hybrids cars are still depended on 
fossil fuels and when running on pure electric travel distance 
is very low (up to 10 km), this type of vehicles is just a bridge 
from conventional cars to the pure electric.   
The next attempt at a zero emission car for mass production 
was done by Japanese manufacturers Mitsubishi motors with 
the I-Miev and Nissan with Leaf in cooperation with 
Renault. This models have become popular all around the 
world in high population density zones, because required 
everyday distance range of people was around 100 km. These 
cars demonstrated to the public that electric power has many 
benefits in comparison with ICE. Benefits such as low sound, 
better comfort and low running costs. Recharging processes 
during night time can provide opportunities to reduce running 
costs 2-3 time less for the same distance, as compared with 
ICE cars.  [2, 3] 
Challenges of Electric Power Management in 
Hybrid and Electric Vehicles 
Ilya Kavalchuk, Hayrettin Arisoy, Aman Than Oo, Alex Stojcevski                                
School of Engineering, Faculty of Science, Engineering and Built Environment                       
Deakin University, Geelong, Australia, 2014.                                                  
Email: ilya.kavalchuk@deakin.edu.au 
E
Australasian Universities Power Engineering Conference, AUPEC 2014, Curtin University, Perth, Australia, 28 September – 1 October 2014 1
Global markets for electric vehicles have been increasing 
since the beginning of the 21st century. In Europe the market 
share of electric vehicles in 2013 was approx. 0.5% of all sales 
of new cars while in the Netherlands closer to 0.8%. In 
Australia pure electric cars have not been as popular as in 
Europe or the USA, but during the last 5 years there has been 
a visible growth in number of the electric cars sales, while ICE 
cars sales have been decreasing. As oil prices continue to grow 
a larger range of different models of EVs are coming. The 
market for EV’s will continue to grow all over the world as 
sustainable energy resources will be used more widely. [3] 
Statistic of the Australian pure electric vehicles sales tells, 
that this market is growing and it is growing fast. Fig. 1 shows 
the statistic of the Australian sales and character of growth. [4] 
 
 
 
Fig. 1. Australian Sales of Electric Vehicles.  
 
 
II Problems and Challenges 
Energy management in electric vehicles has some 
difficulties and challenges. Fixing this issues can increase 
efficiency of EV and make this type of transport more popular.  
 
A. General Power Management Problems.  
Electric vehicles provide many advantages for owners and 
society in general, such as low running costs and maintenance, 
no emission form each vehicles, low noise, easy to operate 
power and other advantages. However, there are some global 
problems, which make electric vehicles not suitable for some 
specific types of reasons. The first problem is the low driving 
distance between battery recharges and which also includes 
the high recharging time. This problem is similar to the high 
energy consumption of houses and very closely related to the 
problem of the areas running off the main electrical grids, 
where there are no external power supplies to restore power. It 
can also be a very complicated task to organise effective 
climatic system inside the cabin. In ICE car 
with liquid cooling systems, the heater is using heat of the 
coolant to increase indoor temperature. While the air 
conditioning system compressor uses the rotational motion of 
the ICE to produce enough pressure inside the air conditioning 
system. With electric vehicles, there are no heat, to produce 
heating flow. Another problem of managing power levels is 
the energy storage charge - discharge processes. As there is 
not one battery, but banks containing many battery cells, it is 
very important to control not only the whole bank, but each 
and every single cell in order to make battery usage more 
efficient. 
Consumer systems in electric vehicle can 
be divided according to their functional issues and the places 
they are used. The simple breakdown is as follows:  
1. Powertrain and transmission  
a. Power Motors.   
b. Differential System for each driving axis  
c. Gearbox System, to give more electric 
torque and change speed characteristics of 
the electric motor to suit the requirements 
for road conditions  
2. Safety Systems  
a. Braking System, with combination 
of recuperation braking and physical 
braking, as well controlling systems, such as 
ABS (Wheels Anti blocking System) with 
its pump, required electric power. As ABS is 
using different sensors, they should have 
connection with power supply too.    
b. Active Safety Systems, such as traction 
control and stability system.  
c. Lights, headlamps, brake lights and turning 
signals.   
d. Airbags Systems and all other passive safety 
units.    
3. Passenger Comfort.   
a. Climatic System  
b. Audio System  
c. Mirrors Control  
d. Interior Lights 
e. Another Comfort devices   
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Fig. 2. Simple Scheme of the power flows in EVs systems. 
  
Fig. 2 shows the simple scheme of the power flow in the 
modern concepts of electric vehicles. Black arrows indicates 
one way energy consumption processes while the red arrow 
shows a bi-directional energy consumption and generating 
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processes. The central processors unit  monitors the energy 
consumption to provide an accurate prediction of stored 
energy in the energy storage unit. This prediction is very 
significant  is a very important task for the vehicles in terms of 
comfort and reliability. As modern EVs require around 4-6 
hours to fully recharge the batteries, information about the rest 
range is crucial for the driver to plan the route of the trip. This 
inconvenience is making the EVs less practical type of 
transport nowadays.  
 
B. Powertrain Energy Management 
  Powertrain plays the major roles in electric vehicles. It is 
not only a consumer, but also a generator of the energy. 
Electric motors together with all powertrain systems 
components, such as gearbox and differential, are able to 
recover kinetic energy during braking and free run processes. 
Instead of dissipate all kinetic energy into heat and wear on 
the brake pads and discs. Electric motors transform kinetic 
energy into electricity in most types of systems. 
Energy recovery systems where introduced together with first 
mass production hybrid model Toyota Prius. Electric motors 
during energy recovery processes are switched over to 
generator mode and send generated power back to 
the batteries or flywheels in the flywheels energy storing 
systems.  
 
This process has two main advantages for EV:  
1) Increase distance between recharging from external power 
source, and as a result reduce costs of recharging batteries as 
well as increasing sustainability of the EV.   
2) Decreasing the use of the main braking system, 
decreases wear on the braking pads and discs, as a result 
reducing expenses and increase reliability of the braking 
systems.   
 
For powertrain energy consumption with regard to EVs, 
several standard methods have been developed, inspired by  
the common methods in the conventional vehicles. One of 
which is NEDC (New European Driving Cycles) developed in 
Europe to standardise the measurement of fuel consumption 
and exhaust gas emissions for all types of vehicles. In electric 
vehicles there are no gases produced during normal run, as a 
result, this cycles can be used for power consumption and 
generation.   
 
 
Fig. 3. NEDC Cycles. [5] 
 
In the NEDC, Figure 3, there are sets of acceleration, 
constant speed and braking time periods, which simulate 
average city and highway runs. For more effective usage of 
the batteries, more braking moments should be accomplished 
via the electric motors during a braking cycles, where velocity 
of the car is decreasing. The more braking moments by motor-
generators of the electric powertrain, the more energy can be 
generated during braking the better the distance range of the 
vehicle.  [4, 5] 
There are two driving processes, where kinetic energy 
recovery can occur. During the braking process is the most 
obvious condition, when braking the electric motors-
generators creates a braking forces on the wheels, some of that 
energy is not dissipated through the braking mechanism rather 
translated through motor-generators back into batteries. For 
drivers, this mode is not noticeable. Another way to 
charge batteries is on a downhill free run. In this mode gravity 
forces during a downhill movement produce potential energy, 
which can be transferred into kinetic energy or recuperated by 
the electric powertrain and stored in batteries or other forms of 
energy storage.   
In an ideal situation, when all kinetic energy is transferred 
into electric energy and stored in batteries, we can calculate 
the possible amount of energy, from the energy conservation 
law.  
ܧ ൌ ௠௏మଶ  ܬ݋ݑ݈݁ݏ  (1) 
 
For this calculation, we used an example of a 1500 kg 
vehicle and speeds ranging from 10 to 100 km/h. charged 
energy was calculated in kWh:  
ܧ௕ ൌ ாଷ଺଴଴כଵ଴଴଴  ܹ݄݇ (2) 
 
Table 1. Possible recuperated kinetic energy for given Speeds. 
 
V, km/h V, m/s E, J E, kWh 
10 2.78 5787.03 0.001608 
20 5.56 23148.15 0.00643 
30 8.33 52083.33 0.014468 
40 11.11 92592.59 0.02572 
50 13.89 144675.93 0.040188 
60 16.67 208333.33 0.05787 
70 19.44 283564.81 0.078768 
80 22.22 370370.37 0.102881 
90 25 468750 0.130208 
100 27.78 578703.7 0.160751 
 
As we can see, the potentially storable energy is quiet high 
and it has to be stored in very short period of time. This 
requires special characteristics from energy control devices. In 
conventional vehicles, all the electrical systems run on 12 or 
24 volt DC, the battery or batteries provide this voltage 
directly. For electric vehicles, multiple battery cells are 
working together at a higher voltage in order to decrease 
required current for recuperation processes. Higher voltage 
required sets of converters and special filters to provide 12V 
DC for external devices, that may be install in vehicles as a 12 
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volt system provides flexibility in manufacturing, as 
companies can use standard devices from cars with ICE. [6, 7] 
Currently cars do not use potential energy recuperation as 
effective as it can be. There are some systems for trucks 
currently available on the market, which switch automatic 
gearboxes and gearbox braking mechanism into a specific 
mode which is required by the road conditions ahead. This 
system helps to improve fuel efficiency by 5 to 10% in hilly 
areas, through more suitable engine modes during downhill 
movement and reduced usage of engine brakes to improve 
social sustainability and increase efficiency. There are even 
some systems that are able to switch off engine and save fuel 
in this way. In an EV this system can operate under 
the control of two different independent sensors. One is a 
gyroscope or G-sensor, which can produce information about 
body position at frequent intervals, based on this information 
the management system can operate with a braking torque. 
Another system is the GPS system. The GPS system can 
obtain information about the road condition ahead, such as 
hills and turns. This information can be used in advanced, to 
prepare the G-sensor analysis process to operate. Both 
these systems can also provide safety for other vehicles, and 
can operate with support from the cruise control and a 
road sign reading system [7].   
Gyroscope
Down hill angle?
Management /
Analysis unit
Suitable Road 
Conditions?
GPS Based 
Analysis System
Braking 
Torque
Electric Motor-
Generator
 
 
Fig. 4. Potential Energy Recovery System Control Logic 
Process.  
 
C. Safety Systems and Power Management.  
Another constant consumer of electrical energy is the 
vehicle safety systems. These systems include the braking 
system, the active safety systems as well as the passive safety 
systems. The braking system must comply with the Australian 
national braking systems design and safety rules ADR 35/03. 
There are sets of sensors on each wheel to monitor the spin of 
each independent wheel and a processor to analyse all the data 
from the wheels and control the whole system. There are also 
special brake fluid pumps that prevent wheel lock and keep 
the braking system under control to provide the highest 
possible friction coefficient for the tyres under different road 
conditions. In EVs, this system is not only analysing the 
hydraulic braking torque, but also braking effect from the 
kinetic energy recovery system. These types of systems are 
called brake by wires. An effective combination of the braking 
system and the energy recovery parts of the power train is one 
of the biggest challenges for EVs.   
Recuperation process has a great influence on the braking 
characteristic as well as car stability during braking. 
Therefore, it has a significant impact on the safety aspect of 
the vehicles while driving on different types of surfaces. The 
above mentioned problem limits the functionality of the 
electric brakes, dramatically. In fact, the electric brake, during 
the operation period, should create safe braking force 
distribution and comply with Anti-Block System (ABS) for 
more effective braking process. Integration of electric braking 
system with ABS is a great problem in the recovery stage. [12, 
13] 
Active safety systems, such as Traction Control and 
Stability System, are parts of the braking calculation processes 
and they can be incorporated together with G-sensors. All 
signals from this systems are coming through braking 
mechanisms and independent braking forces on the wheels can 
generate rotation moment around central vehicle's axis 
and stabilise the car in case of extreme conditions. In EV's 
electric motor-generators can be used to produce this torque 
which can also be used to generate some extra power. 
Controlling and driving the stability system through the 
electric powertrain is another issue of using more complex 
energy controlled systems, instead of simple inverters and 
choppers.   
The safety systems, such as braking, steering and airbags 
are the main units in EVs which provides the safe condition 
for the driver and other occupants. Therefore, the required 
energy for these systems must be supplied, uninterruptedly, 
regardless of the state of the charge of the storage unit. The 
main power consumer among these systems is power steering 
which requires up to 2.1 kW in a complicated conditions [14, 
15]. Optimisation and energy management strategy for these 
systems are the key point in boosting the energy efficiency of 
the EVs.  
 
D. Passenger Comfort Energy Management. 
Passenger comfort, which includes the climate control 
system, the lights and the on board entertainment system, are 
also a high energy consuming parts of pure electric vehicles. 
In conventional vehicles with internal combustion engines, 
interior heating is obtained from the cooling system of the 
engine; in electric vehicles there is minimal heat generated 
power train to transfer into the interior of the vehicle. There is 
some heat that is generated by the electric motors and batteries 
during working or the charging-discharging processes, and in 
some cases, when a liquid cooling system is used to cool down 
the electric components, warm coolant can be used to heat the 
cabin. Such a system is used in Tesla motors vehicles, but 
there are still some issues with this system. In cold climates, 
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batteries and the power train do not warm up as quick enough, 
as may be required to warm up the vehicle 
interior, another problem that needs to be resolved is the liquid 
flow mechanism. In ICE vehicles there are special pump that 
are powered directly from the crank shaft, while in electric 
vehicles an electric pump is required to maintain the coolant 
flow which again requires more energy from the system.   
Another concept for a cabin heating system is the use of an 
electric heater, this system requires less time to heat the cabin 
and a coolant pump is not required however, a big 
disadvantage of this system is its low energy efficiency. 
Electric heating system is currently used by Nissan in the Leaf 
model and by Mitsubishi Motors in their I-Miev car. 
Numerous test have shown that usage of this heating system 
reduce the driving range of the vehicle up to 50% from driving 
without heating. None of these vehicles are using any forms of 
temperature recuperation systems. There are some systems, 
which are used in hybrid vehicles, called MGU-H. The MGU-
H system generates power from air flow in the exhaust system 
and supports kinetic energy recuperation.  [16, 17]  
Air conditioning energy supply strategy in electric vehicle 
is much more complicated that the common strategies in 
conventional vehicles. Normally, conventional vehicles use 
engine power to drive the compressor pump. On lower power 
engines, the air conditioning pump can steadily reduce the 
power flow and have an influence on the acceleration 
performance of the vehicle. This is because, a high pressure 
conditioning system requires a large amount of power and 
creates a higher load on the power unit. But, electric vehicle 
conditioning systems cannot operate in the same way. In these 
vehicles, apparently, there is no rotational energy produced by 
energy plant, instead batteries. Therefore, the air conditioning 
device cannot be copied from a conventional vehicle. [16, 17] 
Ventilation system has a significant influence on the safety 
of the vehicle. The rotating fans, operating in ventilation 
system, are providing conditions for excellent view through all 
wind screens in all types of conditions. The more effective 
fans are, the faster their air flow can remove misting from the 
wind screens. Usually, the highest energy, consumed by the 
fans in a ventilation system, is around 1.0 kW. Modern 
ventilation systems are using two of three fans for effective 
cabin air flow. As a result, fans’ energy management is very 
vital challenge for effective energy consumption[18]. 
Battery or storage cell temperature management is one of 
the least developed topics for electric vehicles. As batteries 
have the highest energy capacity and efficiency at normal 
condition of +20oC and normal humidity and while electric 
vehicles are required to operate in variety of temperatures 
ranging from -30 up to +50oC, the battery pack requires a 
temperature management system. To cool down the batteries a 
built in cooling system can be used and no extra energy is 
required some to support it. Heating the batteries on the other 
hand is a much more complicated process. One way to 
accomplish this is to install a liquid heating system with a 
preheating device, based on liquid fuel consumption. This 
device is small internal combustion engine, where small 
amount of fossil fuel is used to produce heat and increase 
battery temperature. This device produce enough heat to use 
extra energy in the cabin heating system. The disadvantage of 
this solution is fossil fuel with all exhaust fumes, which 
destroy the zero emission car idea.  
Different solution, that can be used, is integrated into charging 
mechanism electric preheater. It can warm u the batteries 
during recharging process form external network.   
 
E. Energy Storage Management.  
Lead acid batteries packs were the only one option of 
energy storage systems for electric vehicle for a long time. 
The first transportation vehicles used lead-acid batteries packs. 
The continuing problem with batteries are long recharge time 
and low energy density. For better distance range, modern 
electric vehicle require battery packs weighing 500kg or more, 
as Tesla Model S has. The bigger battery packs then increase 
the total vehicle mass as well as the energy required to move 
the vehicle. Recuperation processes are not as effective, as 
they can be because of the slow charging process of the 
batteries. [7-9] 
There are however some systems available, which increase 
performance and decrease the dependence on batteries.  
1. Capacitors based systems 
2. Flywheel based systems 
3. Hydrogen Fuel Cells Systems. 
All these systems have their advantages and disadvantages 
for EV applications. Capacitors have a very good charging-
discharging time characteristics, but the amount of stored 
energy is relatively low. Flywheels systems are based on 
flywheel energy storage system, where flywheel is rotating at 
extremely high revolutions in almost pure vacuum conditions. 
The advantages of flywheel systems are their high efficiency, 
because there is no transformation from mechanical to 
electrical energy, along with their smallest size. The 
disadvantages of flywheels are high price and very a 
complicated transition system. Flywheels systems have very 
small range of usage and are not very popular for use in 
electric vehicles. [9]  
Hydrogen fuel cells are one of the newest energy storage 
mechanisms. The advantages of hydrogen storage and fuel 
cells are; a much higher energy density and lower energy 
losses within the system. As all pure electrical systems and 
flywheels have internal energy losses, hydrogen storage is 
very effective for long-term energy storage. An important 
feature of hydrogen storage is low recharging time. Hydrogen 
bottles are able to be filled in the same time, as it would take 
to refuel a vehicle with an internal combustion engine. While 
the drive train is purely electrical, a vehicle using hydrogen 
fuel cells is considered to be a hybrid vehicle. There are 
always some dangers when using a gas as volatile as hydrogen 
but the gas is easy to generate using renewable energy sources 
that make this particular type of hybrid vehicle sustainable and 
with zero emissions. Throughout Europe and the US there 
already many hydrogen refuelling stations but there are plans 
on the way to create many more service stations with their 
own hydrogen generation facilities to address the growing 
demands.  
As a result, hybrid hydrogen vehicles are a clear solution for 
energy storage in EV’s. A combination of a medium size 
battery bank and small fuel cell as a backup can allow an EV 
to be driven as conveniently as ICE vehicles.  
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II Power Management Devices 
As we shown during the previous discussion, electric 
vehicles are very complicated electrical system. Processes of 
power generation and consumption are happening at the same 
time in parallel processes, which can make the power 
management process more complicated. Some of these 
difficulties initiated by the energy storage control, when 
energy storage consists of two or more different type of 
storage mechanisms. Complexity and remote access to an 
external power source, make power management problems of 
EV’s similar to power management in the remote areas.  
Similar problems required similar solutions and the most 
popular way of controlling charge-discharge processes 
through the powertrain is with the use of a buck-bust chopper 
converter. This device provides possibility to use two ways 
power flow with high voltage and current rating. It is also 
possible to use a capacitive system as a backup device for 
more effective recuperation strategy.  
  
 
M
Batteries 
Pack
Power 
Controlling 
System
Electric 
Motors/
Generators
 
Fig. 5 Buck- Boost Chopper-Inverter  
 
Fig. 5 is a simple chopper system controlling device that 
provides information about the status of the power flow to the 
switching circuitry that manages the direction of the current 
through the electric motor. These devices are very reliable and 
are able to work with high power levels when suitable 
semiconductors are installed. The chopper is able to collect 
information about the charging processes from the charge 
controller for the batteries. [8, 10, 18, 19]  
The best performance results from an EV can be obtained, 
when four independent motors are used, one motor for each 
driving wheel. In such a system a chopper-inverter should be 
installed for each motor. All active safety systems can operate 
together with the charge controller. On systems that have 
energy recuperation installed a separate chopper would be 
installed to switch the power management system in to 
charging mode when charging conditions are met. A separate 
controller for each wheel can provide a more effective way of 
generation management and, at the same time, provide a safer 
driving experience. Additional devices should control braking 
torque of the electric generator to organize cooperation with 
hydraulic system.  
Another challenge of energy management control strategy, 
during the recuperation process, is gearbox control. As the 
electric generator is unable to produce enough torque and 
generate energy at the low speed, gearbox should provide 
enough rotational speed from the wheels to the electric motor 
and plays the role of a step-up gearbox [15]. 
To improve charging processes and energy management of 
the buck-boost chopper, super capacitors can be used for the 
fast extreme charging processes. The super capacitor system 
will work together with battery charging system to stabilize 
current and voltage in the recuperative charging system and, 
support the charging process from external power network. 
Super capacitors are used as they are not the main energy 
storage element, but they should have enough capacity to 
obtain maximum recuperative braking energy in the smallest 
amount of time.   
 
 
III Work in Progress and Conclusion 
The current research activities are focused in controlling 
systems of electric vehicles. This system includes power 
management for all system and generation processes. Main 
idea of our research is to increase driving range of EV and 
decrease charging time, which will make this transport more 
useful. Simulation and designing work is in progress.     
Based on energy density pure EV’s are unable compete with 
the tradition internal combustion engine based vehicles when 
considering driving range and initial costs. To address these 
problem there are many emerging technologies that improve 
and increase the costs and travel distances of EV’s. Power 
management systems along with smart grid technologies have 
been making a huge impact on power networks around the 
world. Just as the power companies are using multiple sources 
of energy generation, EV’s are using hybridization to improve 
performance. Hybrid vehicles enable increased energy density 
of available power to run EV’s and with hybridized vehicles 
using hydrogen fuel cells as an alternative power source zero 
emission levels of EV’s can be maintained. These ideas are 
being incorporated into electric vehicles and many different 
ways. In vehicle power management systems are being used 
along with low energy consuming technologies to increase EV 
performance. Majority of the power management systems 
currently available only considers the vehicle power train, 
while this is the largest consumer of energy in an EV an 
overall power management strategy can be used to manage 
and control all power used in an electric vehicle. Power 
management strategies can include management of power 
distribution to the different parts of the EV such as the power 
train, the safety systems and the driving comfort features but 
including energy recuperation and energy generation will 
improve performance significantly. The ensure maximum use 
of a finite resource power should be supplied only where it is 
needed and a smart power management systems will ensure 
that the driver and occupants of the EV do not need to concern 
themselves with these issues. 
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